Introduction
The control of grain structure is essential in many solidification processes. In most cases, fine equiaxed grains are required in order to obtain homogeneous and isotropic mechanical properties. This is usually achieved by the addition of inoculant particles to the molten metal or by the Experimental Observations liquid ahead of the growing columnar front.12) As may
Figure 1(a) shows the longitudinal sectlon of an be seen in Fig. 1(a) Fig. 1(b) In Fig. 2(c) Fig. 3 ). The position of the grain interface is then described by a set of radii, r(ei, t), where Oi are equaliy spaced angles used to track the interface (i.e., "shooting directions").
The radial velocity is then given by8): The result of such a calculation is shown in Fig. 3 for a eutectic grain growing under thermal conditions similar to those found in laser remelting (see Fig. 1(b) Columnarto Equiaxed Transition Figure 4 shows the results of the CA-FE modelapplied to the one-dimensional A17wt"I*Si casting of Fig. l(a) .
The boundary conditions at the bottom surface of the ingot were deduced by an inverse methodl8) using the 35 (1 995). No. 6 temperatures measuredat several locations in the copper chill.
The thermal conductivity, Iatent heat and specific heat of this alloy were taken from Ref, 19 AT., was also fixed to a constant value of O.5'C. The only parameter that was changedfor the three cases shown in Fig. 4was the centre of the distribution, ATN. It was set to 4.5, 5 and 5.5'C for the cases (a), (b) and (c), respectively. As AT. is quite small, the nucleation can be said to occur at ATN. Fig. 4 , a very small changeof A TN Strongly affects the resulting microstructure.
Asshown in
In Fig. 4(a) Fig. 4(b) . In particular, the zone of elongated grains becomesbroader. Some grain competition occurs within this zone, i,e., the grains which The height of the simulation domaln is equal to that of the ingot shown in Fig. l(a Fig. 4(b) comparedto the samezone in Fig. 4(a) . Finally, in Fig. 4(c As can be seen in Fig. 4 AT.=0'C) at ATN=20'C for case (a), ATN=50'C for case (b) and ATN = 90'C for case (c) . The density of grains, n**^, was the same in all three cases (1 .5 • 1016m~3).
As can be seen in Fig. 5 be compared with that shown for the laser-remelted specimen ( Fig. 1(b) ).
In Fig. 6 , the final two-dimenslonal grain structure (a) calculated for the conditions of Fig. 5 Extensions of these models to three dimensions has already been demonstrated for dendritic alloys.20,21) The movementor sedimentation of the grains in the liquid has also been simulated for eutectic alloys22) At present, the main limitations of such models are the computation cost and the available cornputer memory s pace.
